Abstract : The analysis of potassium, sodium, calcium and magnesium was carried out in soils, grapes and wines of wine regions of the Azores in order to obtain a mineral profile of the principal major elements. It would be of interest to achieve a profile of these minerals, according to the climate, to the position of the Islands and to their volcanic soils. Determinations were carried out by atomic absorption in flame. A statistical analysis of the findings was performed. This study establishes the diversity of wine regions in the Azores. As a whole, the amounts in the wines are in the european average.
INTRODUCTION
Different regions original by climate, soil and grape varieties allow the production in Portugal of wines of character which would be worth knowing more thoroughly, particularly as regards the wine regions of the Azores.
Chemical analysis is one means of acquiring knowledge, but the number of compounds of such a matrix are so numerous that a choice must be made to reach the desired goal, namely the profile of the wines from these regions. The mineral substances of grapes, then of wines, result from the soils on which vines have been planted. They contribute to reflect what is called terroir, which gives wines their characteristic. That is why our study was carried out on these elements. The latter being numerous, we have selected the mineral elements called major elements, i.e. those whose concentrations in wines reach ten mg/l to or more g/l. These elements are significant because they vary with the nature of the soils, the methods of cultivation, the rootstocks, the varieties and the weather conditions. Moreover, they vary according to the different technologies applied for the transformation of grapes into wine, then the ageing methods once the wine is finished.
Our study will be limited to the study of potassium, calcium and magnesium. Our choice was made in relation to the importance of each element. Indeed, potassium salts constitute an essential element of plant life. The vine is a species which absorbs it in great quantities, consequently potassium becomes the major cation in grapes. Volcanic soils constituting the majority of the soils in the Azores, contain a large quantity of alunite ( aluminium and potassium sulphate), as well as oceanic sediments rich in iron and potassium silicoaluminate (PASCAL, 1963) . Sodium does not play such an essential role to the plant as potassium. However, on average, it accounts for 30.6 % of the salts dissolved in the oceans. On the contrary, as it plays a significant role in animal life, the Office International de la Vigne et du Vin has given a limit of «excess» sodium for wines, namely the sodium found outside the combination NaCl, which accounts for 60 mg/l. Magnesium is present in chlorophyll, in concentrations of up to 2.7 % in the form of an organo-metallic combination. In plants, it plays a part in the assimilation of the CO 2 contained in the air and seems to be a significant catalyst in synthesis of organic matter and consequently of grape sugar. Calcium plays a significant role in plant metabolism in the form of organic acid salts. From a strictly enological point of view, its content must be known in wines because of its implication in tartaric precipitations.
One of the aims of this work was to establish a profile as close as possible to reality, so we have tried to measure these elements at all stages from the soil to the grapes, then in the wines, including all the varieties growing in the region .
MATERIALS AND METHODS

I-MATERIALS AND REAGENTS
1) Destruction of organic matrix was effected with a microwave digestor Maxidigest Mx350 (Prolabo). Metal concentrations were performed using two atomic absorption spectrophotometers: Varian AA-1275 and Varian GBC 306 AA, with hollow cathodic lamps.
2) Stock solutions in ultra pure water contain each 1g/l: K Cl, Na Cl, Mg Cl 2 , Ca NO 3 . Spectral buffers each 50 g/l: Cs Cl 2 , La Cl 3 .
Supra pure grade acids, salts and reagents (Merck) were used.
II-METHODS
1) Mineralization by humid way: Two programs (table I) were used according to the matrix.
The material used was washed with technical grade boiling nitric acid, then rinsed with ultra pure water.
2) Dissolution: Method of the double acid technique was used for treatment of the whole soils: A mix- 3) Determination: Levels of the four elements were measured by atomic absorption in flame (table II) .
Determinations in wine were made after suitable dilutions and for grapes (15 g samples of fresh weight) on the acid solution (program a) brought back to 50 ml at the end of the mineralization process.
For soils: two determinations were made. The first one on the acid destruction liquid (program b) of the samples (0.5 g) brought back to 50 ml, and the second one on the liquid obtained after dissolution by double acid technique. 4) Statistic processing was carried out by STAT-GRAPHICS software. Variance analysis for one factor (factor region) were done for each element measured in soil, grape and wine. The differences between average levels obtained by region is significant for p<0.05.
RESULTS
I -MINERAL CONTENTS
Potassium, calcium, magnesium contents in soils, grapes and wines in the three regions of the Azores (Pico, Biscoitos/Terceira and Graciosa) analysed for this study are listed in tables III, IV and V.
II -STATISTICAL STUDY RESULTS
The results, for soils, grapes and wines are reported in tables VI, VII and VIII.
Concerning soils, a first variance analysis test was calculated to determine if there was a significant difference between the contents of the elements assessed at different sampling depths: under 20 cm or above 20 cm. As the test did not show any significant differences, we carried out the study by mixing the results from both depths.
For each element studied, the variance analysis gave signification levels between the regions: for soils, signi- ficant differences were obtained between the three wine regions for potassium, sodium, magnesium and calcium concerning the whole content. For the solubilized content, two elements out of the four are not significant: sodium and magnesium. However, some elements dominate in a certain region: Pico is characterized by high sodium and magnesium rates. Biscoitos is characterized by high calcium rates and Graciosa by high potassium rates.
For grapes, significant differences between the three wine regions were obtained for potassium, sodium and calcium.
There is only one non-significant difference for magnesium. The dominating elements by region are potassium and calcium for the Biscoitos region, sodium for the Graciosa region. The lowest contents for the four elements were obtained for the Pico region.
For wines, significant differences between the three regions were obtained for sodium and calcium, though not significant for potassium and magnesium.
The wines for the Biscoitos region have a higher sodium content; those from the Graciosa region the highest calcium. The wines from the Pico region have the lowest rates for the four elements.
DISCUSSION AND CONCLUSION
We observe the following fact: the soils are different, each being characterized by one or two elements. Vine stocks have responded selectively to the soils. Yet, the wines have not always followed the grape richness.
Soil is characterised by its physical structure, its pH plays a significant role in dissolving metals and we know that the three Azores Islands studied are made of volcanic soils, almost exclusively composed of primary magmatic rocks . The climate, influenced by latitude, insularity and relief, is temperate and oceanic with a low annual range of temperature. Moreover, the winds are strong , heavy with salt. Why is there, thus, a difference between the elements in the three regions? For potassium, the richness of the Graciosa region can be explained by the fact that the vineyards are older and consequently more evolved, having undergone a more significant potassium dissolution in the rocks by the hydrolysing action of water.. Moreover, the island contains clay and GALET (1976) asserts that , in clayey soils, the content of potash increases with that of clay.: from 100 to 180 ppm potassium for clay percentages varying between 10 and 25 %. For sodium, the high rates in the Pico region can be explained by its greater exposure to spray and strong winds, both laden with sodium chloride from the ocean. For magnesium, the richness can result from the density of this element in the lithosphere as it is an element which ranks 8th with a proportion of 0.14 % in the seas and oceans (Pascal) . These contents, although higher on Pico island, are significant for the three wine regions and concur with the results reported in a thesis, MADRUGA (1995) on the soils in the Azores ranging from 1g/kg to 45 g/kg. For calcium, the presence of this element must be due to limestone fertilizers. In fact, as the soils are volcanic and not calcareous, they have a very acidic pH which must be modified to cultivate the vine.
The quantities of these four elements in their solubilized form show the same profile as when found in the soils, potassium particularly corresponds to the contents found in the Pico region from 50 to 155 ppm (RIBEIRO DE LIMA, 1992) . We observe however the greater solubility of calcium. Soluble calcium indeed accounts for 50 % of the total amount of calcium in the three islands, whereas magnesium accounts only for 5 % on average, sodium 8 %, and potassium 34 %. We can conclude that the three wine regions have different soils. This information is significant because it will enable us to make up the deficits or to reduce the excess, in order to improve vine management.
For grapes, there is no correlation between their content and the corresponding soil content. This can be explained first by the difficulty in sampling, then by the representative character of the sample. Soil is an important but not the only influential factor: environment, climate and vine cultivation must be taken into account. Studies have been carried out (FREGONI et al., 1999) on vine nutrition in acidic and sub-acidic soils, conditions found in the three regions studied, with average pH 6 for the Pico region, 5.3 for the Biscoitos region and 5.6 for the Graciosa region. This study reports that acidic pH favours the absorption of microelements. This phenomenon is lessened by different selectivities according to rootstocks. Our results do not seem to confirm this hypothesis, but it is true that pH are slightly acidic, never below 5, and that we do not know the rootstocks.
Indeed, grapes from the Biscoitos region, which is the more acidic with pH = 5.3, have the highest contents in potassium, magnesium and calcium.
We can conclude that, despite all the influences, the vinestock has its own, very complex autonomy, which allows it to choose what is good for the plant and the development of its fruits. For example, we know that the vine has significant needs in potassium from flowering to fruit set, so there is a significant potassium migration from the leaves, where it is stored, to the grapes. We know also that the lack of potassium in soils corresponds to a higher absorption of calcium or of magnesium counter-balancing organic anions (GALET, 1976) .
For the wine, there is no correlation between grapes and wines, nor between wines and soils. This can be explained by the fact that the wines studied were generally pure varietals, but some of them were blended wines. In this case too many parameters are to be taken into account to find any correlation. What is interesting here, is to compare our results with those obtained in other countries. If for example, we compare the results reported by CABANIS et al. (1998) for Europe, we observe that for potassium (970 mg/l) and for magnesium (90 mg/l), our average contents , respectively 962 and 84.5 mg/l are similar to Europe. Calcium, 70 mg/l and sodium 25mg/l for Europe are higher in the Azores wines, respectively 106.8 and 54.2 mg/l.
For calcium, we find similar contents to continental Portugal (CURVELO-GARCIA and GHIRA, 1978 , 1979a , b, and 1987 . We think that in this case, high calcium content is more likely due to the contact with rough concrete vats. Calcium contents in Portugal must be lower now because this country has modernized its cellar equipment. For sodium, MARQUES (1997) had found values from 37 to 56 mg/l in the Pico region. The effects of sea spray are more important on the islands or the coasts than in the continent. Our results confirm this phenomenon and are consistent with Fernandez (1994) , sodium 142 mg/l in the Canary islands, and BERG et al. (1979) reporting an average content of 88 mg/l in Californina wines. For this element, there is an O.I.V limit of 60 mg/l of excess sodium. Calculations made on the highest sodium contents show that only a small quantity of wine was situated beyond the authorized limit.
In conclusion, for wines, excess sodium must be carefully controlled as well as calcium content. If the latter is not harmful to the health , it is harmful to the chemical stability of wines.
